Pyrénées and it flows northwards before receiving tributaries from the Massif Central and then turning westwards in the direction of the Atlantic Ocean. Even if the Atlantic rainfalls are dominant, there is a Mediterranean influence in the eastern part of the basin as a result of the Autan wind blowing from the south-east through the Lauragais opening.
The 478 km long Garonne river rises on the Spanish side of the Pyrénées and flows through the limestone of the Tuca Blanco de Pomèro before re-emerging in the Val dera Artiga above the Aran Valley. 1 ). All these Pyrénean tributaries have their sources close to the Franco-Spanish border at elevations ranging between 2800 and 3200 m, where some high valleys receive as much as 1500-2000 mm of rain per year. At Toulouse (Portet gauging station), the inter-annual mean ) Garonne discharge is around 188 m 3 /s. After Toulouse, the main low-altitude tributaries with low discharges come from the Lannemezan plateau on the west. This is also the driest part of the whole Garonne basin with a mean annual rainfall of 600 mm and, thus, the river depends completely on the upstream water. First the Save (137 km, 1105 km 2 ) joins the Garonne at Grenade and then the Gimone In contrast to what is known for other large river basins of the world, no isotopic data on water and carbon exists for the whole Garonne river basin. The main objectives of this study are first to get some basic data on the DIC carbon isotopes and the 2 H, and 18 O isotopes of water for the Garonne River and its major tributaries from upstream to downstream, and second, to use these first isotopic data to determine the water and carbon origins, and to assess the different hydroclimatogical and biogeochemical processes controlling the isotopic signatures ( 2 H, 13 C and 18 O) and the influence of anthropogenic activities such as agriculture.
EXPERIMENTAL

Field sites
Seventeen sampling sites were selected over the whole basin (see Fig. 1 and 2007 just after Toulouse were compiled with the view of obtaining precise information about any seasonal effects (see Fig. 4(a) ).
Stable isotopes from water
The river waters were sampled in their middle stream during the low water period, i.e. in February-March for the winter period, and September for the summer period. Aliquots of the water were put into capped 10- H values of the samples, Hokko beads were added to the Exetainer vials containing the water samples and the internal standards before the vials were flushed off-line with a gas mixture of 2% H 2 in helium. The Exetainer vials were left to equilibrate at either 25.08C or room temperature for a minimum of 1.5 h. The analytical precision of the measurements was AE2.0%.
Analysis of the samples was carried out using a Gasbench þ Deltaplus XP isotope ratio mass spectrometer (Thermo Fisher Scientific, Waltham, MA, USA) at the G.G. Hatch Isotope Laboratories, University of Ottawa, Ontario, Canada.
The equipment was calibrated by using two water standards that are traceable to the primary reference standards V-SMOW2 (Vienna-Standard Mean Ocean Water) and V-SLAP2 (Vienna-Standard Light Antarctic Precipitation) distributed by the IAEA, Vienna, Austria. A third traceable water standard was analysed alongside the samples to check the accuracy of the data.
The results are expressed in per mil on the V-SMOW/ SLAP scale, for oxygen: For the calculation of the deuterium excess, the equation for the Global Meteoric Water Line defined by Craig was used. 33 
Carbon stable isotopes
Water samples were filtered in the field through a 0.45 mm Millipore filter (Millipore, Billerica, MA, USA). The samples were collected in 125 mL polyethylene bottles, carefully sealed taking care that no trapped air remained in contact with the sample, and stored at a temperature between 0 and 58C prior to the extraction. To extract the DIC, 34 an aliquot of the sample (10-15 mL, depending of the alkalinity) was acidified inside a vacuum line with concentrated phosphoric acid. The evolved CO 2 was purified and trapped with liquid nitrogen in a glass tube. Origin of the rainfall and evaporation process Table 2 gives the deuterium amount and the calculated D excess for all the sampling undertaken, while Fig. 3 Fig. 3 , and there are many low D excess values shown in Table 2 , suggesting that evaporation has taken place. The calculation of the slopes between upstream and downstream for these four rivers gives effectively lower values with values ranging from 6.7 for the Baise River, to 5.7 for the Gimone River, 5.6 for the Gers River and 3.6 for the Save River. The arrow in Fig. 3 shows this mean lower slope. The evaporation is also confirmed by the water concentration as seen by the high conductivity, and the anthropogenic influence by the high nitrate (28-49 mg/L) and chlorine (30-50 mg/L) levels. The Tarn River is quite close to the GWML line, whereas the Aveyron and Lot Rivers are shifted slightly downwards, also suggesting evaporation. In February 2004, the Aveyron and the Tarn also displayed low D excess values. The consequence is that after the arrival of these Lannemezan and Massif Central rivers, the Garonne loses its altitude characteristics with strong negative 18 O values, and begins to incorporate evaporated water. The specific value found in Lamagistère with a D excess value of 1.78 can be generated by the evaporation and heating of the Nuclear power station at Golfech, working at full capacity during this cold March month.
Seasonal variations
In Fig. 4(a) for the Garonne River sampled a little downstream of Toulouse, a slight seasonal effect (around 0.5 units for the mean value) is seen, with the more depleted 18 O values being observed in April-June with the snow melt, and the more enriched values at the end of summer with the local rainfall inputs during the river low water period. In the Pyrénées, the glacier system is too small (5 km 2 ) to present a typical glacial profile such as that for the Rhine River, which displays more negative d
18 O values in August.
The Pyrénées profile could then be more properly called a snow-firn profile. . The three ellipses correspond to three water pools: 1 -the upper Garonne River; 2 -the Massif Central rivers plus the downstream Garonne River; and 3 -the Lannemezan Plateau rivers. The upstream part of the Garonne River shows no wide seasonal variation with a shift lower than 0.2 units. In fact the high altitude snow and glacier melt during May and June is not seen here, and more negative 18 O values are found. The next pool of this upper Garonne (Garonne at Pinsaguel, Ariège and Garonne at Verdun, in the small circle in Fig. 4(b) ) is located further beneath the y ¼ x line and this could be due to low altitude rainfall which increases the February values (less depleted in 18 O isotopes). At the level of 
CONCLUSIONS
This study should contribute to a better understanding of the carbon and water origins, but also of the carbon and water balance over the whole Garonne Basin. Such a study has also shown the necessity of coupling water and carbon cycles at the scale of a large river basin such as the Garonne.
The main results obtained in this study are:
-The Garonne River keeps its upstream water isotopic characteristic far beyond the city of Toulouse, until its junction with the first Massif Central tributaries, the Tarn and Aveyron Rivers. -A seasonal effect is found with the most depleted values obtained in March-April due to the snow melting, and lesser ones in August corresponding to the warmer low altitude rainfall. -Agriculture activity is mainly detected in the small tributaries on the left side (Gascogne region), from the Save to the Baïse Rivers, with higher conductivity and nitrate concentrations, and lower D excess. The refilling of these rivers in the upper basin by the Neste Chenal is also indicated by the most negative d 18 O values.
-Along its fluvial continuum, the Garonne River displays a small decrease in d 13 C DIC , contrary to what is found for other large rivers. -The d 13 C DIC values in the Garonne Basin reflect mainly the DIC contribution resulting from dissolution of carbonate rocks, with some regional variations.
